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ABSTRACT 


There are two basic purposes for this document. One is to present 
and apply a technique for defining the location of the Eccentric Orbiting 
Geophysical Observatory (EGO), S-l+9 in the gegenschein reference frame. 

The gegenschein reference frame is an orthogonal coordinate system with 
its origin at the center of the earth and its fundamental plane lying in 
the ecliptic plane with one of the axes in this plane pointing directly 
away from the sun. 

A second purpose for this document is to predict an operational 
schedule for the gegenschein experiment. The experiment device cannot 
tolerate direct or reflected sunlight. The gegenschein experiment package 
is placed on the darkside of the solar array, therefore, direct sunlight 
is not a problem. However, the earth, moon or appendages of the satellite 
itself may come into the field of view of the gegenschein experiment. 

When this occurs the experiment will have to be turned off. A technique 
for computing when any of these reflecting bodies come into the field of 
view of the experiment is developed here and applied. 

The position of the satellite in the gegenschein coordinate system 
is a function of the orbit and position of the sun. The field of view 
problem is a function of the location of the satellite, earth and moon 
and solar array position; the latter because the gegenschein experiment 
package rotates with the solar array. 

As a result of the application of these techniques, in computer 
programs, the position in the gegenschein coordinate system versus time 
of the EGO is presented and also an operational schedule as a function of 
solar array angle . 
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Semi -major axis. 

Radius of the earth. 

Position matrix whose elements are the components 
in the equatorial coordinate system. 

Position matrix whose elements are the components 
in the ecliptic coordinate system. 

Position matrix whose elements are the components 
in the gegenschein coordinate system. 

Eccentricity. 

Inclination. 

Orthogonal unit vectors. 

Unit normal vector. 

Position vector. 

Transformation matrix. 

Unit vector along position vector. 

Cartesian coordinates or component along i, j, k. 

Earth angle. The angle between the anti-solar direction 
and a vector pointing to the earth. 

Moon angle. The angle between the anti-solar direction 
and a vector pointing to the moon. 

Experiment angle, angle between the normal to the 
gegenschein and a vector to an experiment. 

Angular dimension of earth. 

Obliquity of the ecliptic. 

Angular displacement between ecliptic and gegenschein 
coordinate systems. 

Solar array angle. 

Right ascension of the ascending node. 

Argument of perigee. 
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INTRODUCTION 


The gegenschein phenomenon is a faint nebulous light which appears 
in that part of the sky which is opposite the sun. Hence, it rises when 
the sun sets and reaches its zenith at midnight. It seems to lie in the 
plane of the ecliptic and stretches out about 10° on either side of the anti- 
solar direction. The gegenschein is sometimes referred to as counterglow. 

An experiment is planned to make measurements of intensity and location 
of the gegenschein. Dr. C. L. Wolff and Dr. K. L. Hallam of the Goddard 
Space Flight Center and Prof. Wyatt of the University of Illinois have a 
device on the Eccentric Orbiting Geophysical Observatory (EGO, S-h-9) 
which will carry out these measurements. 

The EGO is the first in the series of Orbiting Geophysical Observatories, 
the 0G0 Program. It will have an apogee height in the order of 80,000 
nautical miles. The primary objective of the 0G0 Program is to conduct 
large numbers of significant, diversified experiments. The EGO will 
carry twenty experiments, one of which is the gegenschein experiment (Refer- 
ence l) . 

The purpose of this discussion is to show the development of a 
"gegenschein coordinate system" and a technique for calculating certain 
angles in space and on the spacecraft. 
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I. GEGEHSCHEIN COORDINATE SYSTEM 

Since the gegenschein lies opposite the sun, with respect to the 
earth, it is convenient to have a coordinate system such that the x-axis 
points toward the gegenschein. If the position of the satellite is known 
in this reference frame then measurements of the gegenschein by the satellite 
will define the position of the gegenschein in space in the gegenschein 
coordinate system. These measurements can then be transformed into a more 
conventional reference frame, such as ecliptic or equatorial coordinates. 


Consider the sketch below for a simplified representation of the 
geometry involved with the problem. 



y Figure 1 


Let the plane of the page be the ecliptic plane. The plane formed 
by the earth’s orbit around the sun is the ecliptic plane. Then the 
plane formed by the x and y axis in the sketch lies in the ecliptic 
plane. Consequently, the z-axis of the gegenschein coordinate system 
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is normal to the ecliptic plane. Since the orbit of the EGO does 
not lie in the ecliptic plane the satellite will have, in general, a 
z component in the gegenschein coordinate system. 

When the satellite is in orbit the position of the satellite will 
be known in the equatorial coordinate system. In this case the earth's 
equator is the fundamental plane. Now, the ecliptic and the equatorial 
coordinate systems have one axis in common. This is the axis formed by 
the intersection of the equatorial and ecliptic planes. Since the 
gegenschein coordinate system and the ecliptic system also have an 
axis in common (the z-axis) then it is a matter of two rotations to 
transform from the equatorial coordinates to the gegenschein coordinates, 
or vice versa. 

The transformation is carried out in the following manner. 
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Let x, y.g, Zg = the principal axes in the equatorial system, 
x, y , z = the principal axes in the ecliptic system. 

£ C 

e = the obliquity of the ecliptic. 

Consequently, the following relationship between the two systems is 
written . 
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In shorthand matrix notation this is written as: 

C„ = T C (1) 

Ji i e 

where C_ and C are three— vectors representing the position of the 
h e 

satellite in the equatorial and ecliptic respectively. T is the trans- 
formation matrix. 

The relationship between the ecliptic and gegenschein systems can 
also be shown in a sketch. 
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Figure 3 


In this case the two systems are related by the following: 
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or more simply as 


C = T C (2) 

g 2 e 


- 5 - 



where C = the position of the satellite in the gegenschein coordinate 

o 

system. 

T = the transformation matrix. 

2 


Since C is known equation (l) can be solved for C and substituted 
E e 

in equation (2) to form the following. 


C 

e 
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= t 1 - 1 c e = t^c 
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- T T x c 
21 b 


because of orthogonality, therefore 
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2 1 

Then C = TC • 

g E 

In its expanded form equation (3) appears as: 
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As a result of equation (!)•) the position of the satellite is 

known in the gegenschein coordinate system. 

The value for the obliquity, e can be considered a constant. The 

mean value of the obliquity is given in the American Ephemeris and Nautical 

Almanac - For 19 6k, e = 23?M097 (Reference 2.) The value for 0 can be 

determined from the position vector of the sun^ r g in the ecliptic 

e 

system. 

If r s = (x, y e , z g ) 
e 

then 9 = tan -1 ^ ± 17 (5) 

If the first term of (5) is less than n>then tt is added; if the first 
term is greater than rr,then tt is subtracted. The first term defines the 
right ascension of the sun along the ecliptic plane and the addition or 
subtraction of tt defines the anti- solar direction. 


II. EARTH AND MOON ANGLES 


The gegenschein experiment device is quite sensitive to light 
intensities because of the nature of the planned observations, and it 
cannot tolerate direct sunlight, earth albedo or moonlight. Sunlight 
reflected off of the spacecraft itself or off of any of the boom- 
mounted experiments may also cause damage to the experiment apparatus. 
Consequently, it is necessary to know when the sun, earth, moon or any 
of the boom- mounted experiments will come into the field of view of 
the gegenschein experiment device. Direct sunlight can be ruled out 
as a problem because the experiment package is fastened on the dark 
side of the solar array. 

The position of the earth, moon and boom-mounted experiments, 
however, must be known in order that the gegenschein experiment may be 
turned off when any of these come into view. The use of a photo- sensitive 
device is not possible because of weight and reliability considerations. 

The earth and moon angles are measured from the satellite and these 
are defined as the angle between the anti- solar direction and earth or 
moon respectively. The sketch below illustrates these angles 



EARTH 




MOON 
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Since the coordinates of the sun, moon and satellite are known 

in the earth-equatorial system it is a simple matter of vector subtraction 

to reference the sun and moon from the satellite. 

Let: ? = vector from earth to satellite, 

v 

r = vector from earth to sun. 

s 

r = vector from earth to moon, 
m 

Then the vector from the satellite to the sun or moon is: 

r = r - r . vector from satellite to sun 
sv s v’ 

r = r" - r , vector from satellite to moon, 
mv m v* 


Unit vectors can be formed by: 
r 

— SV 

U = — — , unit vector from satellite to sun. 

sv ( r | ’ 
sv 


— mv 

U = = — , unit vector from satellite to moon, 

mv t r | 3 

mv 


= — , unit vector from earth to satellite. 

V I r v| 


Consequently, the earth angle, a and the moon angle, g are: 


oc = cos -1 {u gv • U v } where 0° < a <: i80° 

P = cos -1 {-U sv • U mv ) vhere 0° ^ g < l80° 


( 6 ) 

( 7 ) 


- 9 - 


The -r vector points to the center of the earth. As a result 
it is possible that a portion of the earth can be in the field of view. 
This will modify 3 by the angle § which is measured between a vector 
to the center of the earth and one to an edge. See the sketch below. 



The angle 5 is defined by: 


eao 



where 0^6^ 90° 


where a is the radius of the earth 
Jli 

Therefore a corrected for the diameter of the earth is: 
c 


a - 
c ” 


a - § 
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Ill . SPACECRAFT ANGLES 


The angles between the gegenschein experiment device and the boom 

mounted experiments is done in a manner s imi lar to the earth and moon 

angles. In this case the origin of the reference frame is the location 

of the gegenschein experiment package. 

Since the location of all the experiments are known in the 0G0 

body coordinate system ^Reference 3) it is enough to consider these 

position coordinates as the components of vectors. 

If x 1# y i , z ± where i = 1, 2, 3, . . . n 

n = the number of experiments 

are the coordinates of the experiments then 


r. = ix. + jy. + kz. 


(9) 


represents the position vectors of the experiments. 

Let r^ = the position vector of the gegenschien experiment. 
Then the position of all the experiments can be referenced from the 
gegenschein experiment by: 



( 10 ) 


It is necessary to take into consideration that the solar array rotates 

with respect to the main structure of the satellite. Consequently, the 

position vector r is a function of the solar array angle, cp. The solar 
§ 

array angle, cp is the angle between the normal to the solar cell side of the 
solar array and the y-axis in the box coordinate system. See figure 6 on 
page 18. 

Let r =- position vector for ^ — 0 . 
go * 
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Then the position vector, r (©) for any cp is given by: (Reference 3) 


r (cn) = 


'6 


1 

0 

0 


0 

COS cp 

sin cp 


0 

sin cp 
cos cp 


So 


go 


go 


( 11 ) 


By substituting (ll) into (lo) the position vectors from the gegenschei 
experiment of all the experiments is determined for al l cp. 

The normal to the gegenschein experiment is defined as: 


N = (0, - cos cp, sin cp) 


( 12 ) 


To find the angles, y between the gegenschein experiment and the 
'ther experiments it is simply necessary to conduct another dot product. 


y. = cos 1 [U • N 1 where 0° s y. ^ l8o° 

X g 1 


( 13 ) 


r. 


where U. = -XS- 

18 rial 
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IV. COMPUTER PROGRAMS 


Two computer programs are involved with the solutions to the 
equations presented in preceding sections. One is a modified "Shades of 
EGO" program (Reference 3) and the other was written specifically to 
solve these problems. The Shades of EGO program is used to compute the 
gegenschein coordinate system and the earth and moon angles. The Shades 
of EGO program also computes the solar array angle, the OPEP angle and 
the distance of the satellite from the earth. 

The experiment angles are computed in a separate independent program. 
Abbreviated flow charts of the logic for the two programs are shown on the 


next two pages . 



MODIFIED SHADES OF EGO PROGRAM 










SPACECRAFT ANGLES 


^ Start 
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The Modified Shades of EGO Program is a numerical integration 
computer program. It is an adaptation of the ITEM program (Reference 
1+) which makes use of a modified Encke method of orbit analysis . ITEM 
is a general purpose interplanetary program. In such a program the 
orbiting body is "flown" around the orbit in discrete time steps. The 
Modified Shades of EGO Program is used in conjunction with ephemeris 
tapes which contain the positions of, among other celestial bodies, the 
sun and moon. As a result the earth and moon angles are computed. The 
Shades of EGO Program contains techniques for computing the solar array 
angle and OPEP angles consequently these are not shown in the flow chart. 
These, however, are described in Reference 3- 
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V. THE EGO ORBIT AND EXPERIMENT LOCATIONS 


The EGO, S-49 will be placed into a high eccentricity orbit with 
an apogee about 80,000 nautical miles high. The injection conditions 
for the EGO are assumed to be the same as the Agena burnout conditions. 
See Reference 5 . 

TABLE I 

EGO INJECTION CONDITIONS 


Geocentric latitude 

20?7¥<-573 S 

Longitude 

111?11923 E 

Height 

279.2517 km 

Speed 

10.716286 km per sec 

Azimuth 

66 9445986 

Flight Path Angle 

19452111 


The classical orbital elements associated with these injection conditions 
are shown below. These elements are the osculating elements taken at 
approximately apogee with the exception of the right ascension of the 
ascending node, Q which is that of injection. 
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TABLE II 


EGO ORBITAL ELEMENTS 
AT FIRST APOGEE 

a 

12 . 63^22 earth radii 

e 

.91701983 

i 

31?020115 

(JO 

-46.341238 

0 

138?07048 (injection) 

EPOCH 

July 25, 1964 3.0 hrs. U.T. 


The location of the boom-mounted experiments and the gegenschein expen 
ment are shown in the Table III below. These are given in the box- 
coordinate system. In this system the center of gravity of the spacecraft 
is chosen as the origin. The box coordinate system and the solar array 
angle, co are shown in the sketch below. 

i i ^ -Axis (points vo 

<p ' v ov Tne &AR.TH ) 

^ — * * 

/ 

NCtfAML TO Pad OLE 





if -AX 


-opep 


sunl\c,ht (normal to solar. 

PADDLE SURFACE) 

Figure 6 




TABLE III 



EXPERIMENT 

COORDINATES 


Experiment Wo. 

X 

y 

Z 


( inches) 

(inches) 

(inches) 

E; P. 1 

-7^.2 

91.1 

12.3 

E. P. 2 

^ 9-9 

100.1 

15.3 

E. P. 3 

9 7 

* 1 

103.1 

- 4.2 

E. P. 4 

20.6 

- 94.4 

-19.2 

E. P. 5 (edge) 

67.2 

321.0 

-25.2 

E. P. 6 

-6.7 

-288.9 

-16.7 

OPEP 1 

-.2 

43.1 

45.8 

OPEP 2 

-.2 

43.1 

-45.8 

Gegenschein Exp. 

106.9 

-1.3 

3.0 


In the case of E.P. 5 the coordinates of the edge most likely to come 
into the field of view of the gegenschein experiment are given. The 
coordinates of the gegenschein are given for the solar array angle, 
cd = 0 . The coordinates of the gegenschein experiment package for any 
cd are given by equation (ll). 
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2. Earth and Moon Angles 


The earth and moon angles (a c and p) as functions of time are 
shown in Appendix B. These were computed for the same launch dates 
as chosen for the gegenschein coordinate system study ( see page 20) . 

Results are shown in Appendix B for the earth and moon angles for the 
first two orbits, for two orbits 50 days after injection and for two 
orbits 60 days after injection. If either the earth or the moon come 
into the field of view of the gegenschein experiment the experiment will have 
to be turned off. The half angle of the field of view of the experiment is 
approximately 15°. Consequently, "off" time is indicated for the experiment 
for earth or moon angles of 15° or less. 

The earth and moon angles are functions of flight time and date. The 
moon angle has a greater daily rate of change than the earth angle simply 
because the moon is orbiting the earth whereas the earth angle’s daily rate 
of change is a function of the earth's orbital position around the sun. 

3. Spacecraft Angles 

The spacecraft angles, y^ are directly related to the solar array 
angle. Consequently, it is sufficient to know the angles between the 
normal to the gegenschein and the other experiments solely as a function 
of the solar array angle. If at a certain solar array angle an experiment 
package comes into the field of view of the gegenschein experiment then, 
as before, this indicates an "off" time. The actual solar array angle 
will be known from telemetry when the satellite is in orbit. Predictions 
of the solar array angles have been made in the launch window analysis 
for the EGO orbit. Reference 8. 
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The computer output for the spacecraft angles is shown in Appendix 
C. The words "NO GO" are printed in front of the solar array angles 
for which other experiments come into the field of view of the gegenschein. 
The specific experiment in view in a "NO GO" case is indicated by an 
asterisk. In the printout shown in Appendix B the half angle of the 
field of view was chosen as 15 °. The half angle is an input quantity, 
consequently the "NO GO" solar array angles are functions of the field 
of view. The Appendix C results show that for the 15 ° half angle field 
of view criterion the solar array angles between I7O 0 and 198° have the 
E.P. 5 (edge) experiment coming into the field of view. 
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APPENDIX A 


ORBITAL POSITION OF EGO 
in the 

GEGENSCHEIN COORDINATE SYSTEM 


TABLES FOR APPENDIX A 


Table 

Table 

Table 

Table 

Table 

Table 

Table 

Table 

Table 

Table 

Table 

Table 

Table 

Table 

Table 

Table 

Table 

Table 


Orbital Position of EGO in the Gegenschein Coordinate System 

A-l First orbit (injection time, U. T. = 248 d l h 0™ 0 S , 1964). 
A-2 One orbit (Injection time for A-l + JO days flight time). 

A- 3 One orbit (Injection time for A-l + 60 days flight time). 

A-4 First orbit (Injection time, U. T. = 248^ 4“ 0“ 0 S , 1964). 

A- 5 One orbit (Injection time for A-4 + 30 days flight time). 

A— 6 One orbit (Injection time for A-4 + 60 days flight time). 

A-7 First orbit (Injection time, U. T. = 253 d l h 0™ 0 S , 1964). 

A— 8 One orbit (Injection time for A-7 + 30 days flight time). 

A-9 One orbit (injection time for A-7 + 60 days flight time). 

A- 10 First orbit (Injection time, U. T. = 253 d 3* 1 30 m 0 S , 1964). 
A- 11 One orbit (injection time for A-10 + 30 days flight time). 

A- 12 One orbit (Injection time for A-10 + 60 days flight time). 

A- 13 First orbit (Injection time, U. T. = 258 d l h 0 m 0 s , 1964). 
A— 14 One orbit (Injection time for A-13 + 30 days flight time). 

A-15 One orbit (Injection time for A-13 + 60 days flight time). 

A-16 First orbit (Injection time, U. T. = 258 3 0 0 , 1964). 

A-17 One orbit (Injection time for A-l6 + 30 days flight time) . 

A-18 One orbit (Injection time for A-16 + 6 0 days flight time) . 
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TABLE A-l 

X * Y »Z AND R FOR FIRST ORBIT 
INJECTION AT 1.0 HOURS U.T.» SEPTEMBER 4*1964 
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TABLE A- 2 

X » Y »Z AND R FOR ONE ORBIT AFTER 30 DAYS 
INJECTION AT 1.0 HOURS U.T.* SEPTEMBER A, 1964 
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TABLE A -6 

X » Y » Z AND R FOR ONE ORBIT AFTER 60 DAYS 
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TABLE A- 10 

X,Y,Z AND R FOR FIRST ORBIT 
INJECTION AT 3.5 HOURS U . T .» SEPTEMBER 9*1964 
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X > Y » Z and R FOR ONE ORBIT after 60 DAYS 
INJECTION AT 3.5 HOURS U.T.* SEPTEMBER 9.196A 
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TABLE A-13 

X » Y *Z AND R FOR FIRST ORBIT 
INJECTION AT 1.0 HOURS U.T.» SEPTEMBER 14*1964 


(X 


> 


X 


uQ 
QC 
(X X 
UJ — 


H 

r-H 

1 — ♦ 

rH 

rH 

rH 

rH 

rH 

rH 

rH fM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH rH 

r-H 

i-H 

i-H 

rH 

rH rH 

O 

O 

0 

O 

O 

O 

O 

0 

O 

O O 

0 

O 

O 

O 

O 

O 

0 

O 

0 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O O 

O 

0 

O 

O 

O O 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ UJ 

UJ 

UJ 

UJ 

UJ 

Ul 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

Ul 

UJ 

UJ 

UJ 

Ul 

UJ 

UJ UJ 

Ul 

UJ 

UJ 

UJ 

UJ UJ 

I s - 

tn 

0 

O' 

CO 

O 

O' 

CO 

CM 

ON rH 

O' 

I s - 

I s - 

r-H 

d 

00 

co 

O 

d- 

I s - 

M) 

rH 

0 

rH 

I s - 

0 

0 

On 

O M 3 

rH 

d- 

CO 

O' 

O I s " 

d- 

lT\ 

d 

CM 

I s - 

NO 

0 

M 3 

I s - 

cm in 

0 

0 

rH 

O 

rH 

m 

d- 

CM 

O 

CM 

M 3 

d- 

0 

O 

O' 

0 

m 

rH 

in rH 

CO 

CO 

00 

m 

rH CD 

M 3 

CM 

00 

CM 

0 

CO 

rH 

M 3 

I s - 

CM r-t 

CO 

r- 

ON 

m 

< 1 - 

CM 

O' 

O 

ON 

rH 

r- 

d* 

rH 

CO 

m 

0 

f- 

d- 

0 - I s - 

O 

On 

0 

O' 

rH 00 

m 

in 

CM 

M) 

M 3 

00 

O 

rH 

CM 

I s - d 

CM 

CM 

CO 

M 3 

O 

in 

M 3 

CM 

CM 

O 

00 

in 

CO 

GO 

co 

rH 

CO 

d* 

O' M 3 

m 

rH 

00 

ON 

M 3 I s - 

CO 

m> 

f- 

O 

d 

0 

O 

SO 

O' 

m 3 I s - 

CM 

00 

in 

I s - 

M 3 

d 

rH 

O 

CO 

CO 

0 

M 3 

CM 

O' 

0 

d* 

CO 

<r 

O CM 

00 

On 

I s - 

0 

I s - d- 

d- 

00 

d 

d 

0 

0 - 

M 3 

00 

n 

00 M 3 

O 

m 

ON 

CO 

ON 

I s - 

I s - 

co 

00 

d* 

d“ 

O 

M> 

M 3 

CM 

O 

0 

On 

d- CO 

co 

I s - 

I s - 

CM 

d- co 

0 

rH 

m 

r- 

00 

I s - 

M 3 

4 - 

CM 

ON 0 

M 3 

ON 

rH 

CO 

CO 

co 

CM 

0 

r- 

co 

O 

I s - 

O' 

rH 

CO 

d- 

d* 

CM 

O M 3 

CM 

M 3 

O' 

rH 

rH O 

rH 

CM 

CO 

d 

m 

M> 

r- 

00 

O' 

O' rH 

rH 

rH 

CM 

CM 

CM 

CM 

CM 

CM 

rH 

rH 

rH 

O' 

00 

00 

I s - 

M 3 

m 

d- 

CO rH 

1 — i 

CM 

CO 

in 

M 3 I s - 

O 

O 

0 

0 

0 

0 

0 

0 

O 

0 0 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

0 

0 

O 

0 

O 

O 

O O 

O 

O 

O 

0 

O O 

O 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH rH 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

i-H 

1 — l 

O 

0 

O O 

i-H 

rH 

rH 

rH 

rH rH 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O O 

O 

O 

O 

O 

O 

0 

O 

O 

O 

O 

O 

O 

O 

O 

O 

0 

O 

O 

O O 

O 

1 

O 

O 

O 

O O 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ UJ 

UJ 

UJ 

Ul 

UJ 

UJ 

UJ 

UJ 

UJ 

Ul 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

1 

U) 

Ui UJ 

1 

UJ 

UJ 

UJ 

UJ 

UJ UJ 

d- 

rH 

0 

rH 

rH 

M> 

00 

O 

O' 

rH r- 

O 

O' 

CO 

CO 

M 3 

ON 

00 

CM 

0 

rH 

n- 

CO 

in 

CM 

0 

rH 

r- 

CO 

CO 0 

in 


I s - 

M 3 

r- co 

0 

CM 

0 

r- 

O 

O' 

CM 

CM 

m 

O' 0 

O 

CM 

00 

CM 

r- 

d 

00 

M 3 

On 

rH 

00 

O' 

CM 

rH 

I s - 

CM 

CM 

O' 

CO co 

co 

CO 

0 

CM 

0 0 

rH 

CO 

O' 

O' 

CO 

M 3 

in 

CO 

O' 

CO CM 

O 

s 0 

0 

M 3 

rH 

00 

Ov 

in 

rH 

M 3 

vO 

>t 

co 

O' 

CM 

M 3 

co 

0 

co d- 

I s - 

O 

d- 

CM 

O CM 

rH 

r- 

in 

0 

rH 

rH 

00 

rH 

M 3 

m co 

00 

O 

0 

CM 

rH 

I s - 

CO 

CM 

CO 

O' 

CM 

CO 

CM 

CO 

00 

I s - 

1 — 1 

r- 

co m 3 

co 

m 

O 

O' 

CO 00 

d 

r- 


r- 

CO 

rH 

rH 

d 

0 

0 0 

M 3 

CM 

00 

co 

d 

0 

ON 

I s - 

d 

I s - 

O 

d* 

O' 

CO 

d- 

r— ) 

1 — 1 

CO 

co m 

ON 

ON 

rH 

CM 

d- O' 


CO 

0 

rH 

M) 

O' 

CO 

O 

CM 

O' CM 

CO 

M> 

CO 

CO 

CM 

m 

1 — l 

CM 

M 3 

00 

O 

rH 

O 

00 

CO 

M> 

CO 

rH 

co 0 

CM 

CM 

CM 

I s - 

I s - M 3 

r- 

0 

d 

vO 

in 

CO 

rH 

00 

d 

O' m 

CM 

d 

m 

M 3 

M 3 

m 

d 

CM 

M 3 

1 — i 

O 

in 

O 

d* 

O' 

CO 

M 3 

d- 

CO I s - 

M 3 

M 3 

On 

O' 

00 M 3 

M 3 

rH 

CM 

CO 

d 

in 

M> 

M) 

I s - 

r- 00 

rH 

rH 

rH 

rH 

rH 

rH 

r-H 

rH 

O' 

M 3 

d- 

CO 

CO 

CM 

rH 

1 — ♦ 


rH 

O' 

I s - 

rH 

CM 

cO 

d" m 

0 

O 

0 

O 

0 

O 

O 

O 

O 

0 0 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

0 

0 

O 

O 

O 

O 

0 

O 

0 0 

1 1 

O 

1 

O 

O 

O 

O 0 

0 

O 

rH 

r-H 

rH 

rH 

rH 

rH 

r-H 

rH rH 

rH 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

rH 

rH 

rH 

1— i 

rH 

rH 

rH 

< — i 

rH 

O 

rH O 

O 

O 

rH 

rH 

rH r-H 

0 

O 

O 

O 

O 

O 

O 

O 

O 

O O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

0 

O 

O 

O 

O 

O 

O 

O O 

1 

UJ UJ 

O 

t 

O 

O 

O 

O O 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

Ul 

UJ 

l 

UJ 

UJ 

UJ 

UJ 

UJ UJ 

e'- 

0 

ON 

M> 

CM 

m 

r-H 

CM 

d 

M 3 O 

d 

1 — i 

CO 

rH 

I s - 

00 

m 

M 3 

M 3 

CM 

00 

r-H 


CO 

in 

d- 

CM 

00 

M 3 C 0 

O 

CM 

M 3 

CO 

CM I s - 

en 

CO 

CO 

0 

O 

00 

O' 

O' 

rH 

in 00 

CM 

d 

00 

CM 

d 

M 3 

00 

O' 

r-H 

r-H 

I s - 

CO 

n 

n 

CM 

0 

rH 

CO 

n r- 

rH 


in 

M 3 

00 00 

co 

00 

d 

M 3 

n 

d 

d 

r- 

M 3 

d co 

m 

M 3 

d 

CO 

0 

M 3 

rH 

CO 

CO 

O 

O' 

O' 

0 

O' 

co 

d- 

CO 

0 

r- M> 

<r 

I s - 

co 

I s - 

M 3 n 

M 3 

rH 

O' 

I s - 

M) 

O' 

CO 

M 3 

d 

M 3 O 

O' 

CO 

0 

in 

€0 

O 

rH 

CM 

On 

m 

00 

ON 

co 

og 

r- 

r- 

rH 

<f 

00 M 3 

I s - 

0 

00 

00 

CM d" 

CO 

M 3 

rH 

co 

CO 

00 

0 

CM 

CO 

O' M 3 

0 

m 

in 

in 

d 

M 3 

O' 

O 

I s - 

0 

rH 

CO 

in 

CO 

d- 

m 

rH 

co 

00 CM 

00 

M 3 

CO 

CO 

rH d* 

M 3 

d 

O 

m 

00 

CM 

rH 

d 

CO 

00 rH 

O' 

m 

h- 

co 

d 

O 

r-H 

co 

O 

rH 

I s - 

in 

rH 

in 

M 3 

<r 

ON 

in 

CO O' 

in 

00 

rH 

CM 

co M) 

m 

in 

r- 

in 

CM 

ON 

in 

O 

in 

O' d 

m 

rH 

(M 

co 

m 

co 

CM 

O 

CO 

O 

r-H 

r-- 

CO 

co 

CO 

00 

CM 

O' 

I s - in 

co 

d* 

O' 

I s - 

O 

m 

M 3 

rH 

CM 

CO 

CO 

d 

n 

in 

in m 3 

O' 

rH 

rH 

1 — ( 

rH 

rH 

i-H 

rH 

00 

M 3 

d- 

co 

CO 

CM 

CM 

rH 

t — I 

M 3 

in in 

CM 

on 

i-H 

CM 

co d 

0 

0 

1 

O 

1 

O 

1 

O 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 0 

1 1 

0 

1 

O 

1 

O 

1 

O 

1 

O 

1 

O 

1 

O 

1 

O 

1 

O 

1 

O 

1 

O 

1 

0 

l 

O 

1 

0 

1 

O 

1 

O 

l 

O 

1 

O 

1 

0 0 

1 

O 

0 

1 

O 

1 

O 

1 

O O 

1 1 

0 

rH 

rH 

rH 

rH 

rH 

0 

0 

0 

0 0 

1 — t 

rH 

rH 

rH 

CM 

CM 

CM 

CM 

CM 

<\J 

rH 

rH 

rH 

rH 

rH 

r-H 

rH 

rH 

rH rH 

rH 

rH 

rH 

rH 

rH l — i 

0 

O 

O 

O 

O 

O 

0 

0 

O 

1 

0 0 

1 1 

UJ UJ 

0 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O O 

O 

O 

O 

O 

O O 

UJ 

UJ 

UJ 

LU 

UJ 

UJ 

UJ 

UJ 

1 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

Ul 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ UJ 

UJ 

UJ 

UJ 

UJ 

UJ UJ 

d 

O' 

rH 

M 3 

CO 

CO 

d 

in 

d 

r- co 

rH 

M 3 

M 3 

r- 

I s - 

I s - 

CO 

d 

00 

r- 

i-H 

in 

O' 

O' 

in 

CO 

I s - 

co 

O' CO 

0 

CM 

I s - 

I s - 

I s - I s - 

rH 

M 3 

I s - 

rH 

0 

d 

d 

M 3 

I s - 

co r- 

<± 

CM 

d 

O' 

cn 

CM 

m 

rH 

d 

M 3 

rH 

O' 

ON 

0 

rH 

CM 

On 

m 

CO 00 

in 

O' 

in 

r- 

M 3 CO 

CO 

CM 

tn 

d 

CM 

CM 

I s - 

d 

ao 

cm d 

r- 

00 

d 

I s - 

I s - 

I s - 

I s - 

O 

I s - 

CM 

CO 

00 

n 

00 

M 3 

d- 

m 

rH 

00 03 

co 

O 

in 

ON 

M 3 CO 

d 

CM 

0 

M 3 

CO 

00 

in 

0 

m 

CM d 

co 

CO 

O' 

CM 

00 

On 

CM 

r-H 

n 

CO 

in 

<r 

r-> 

CO 

I s - 

CM 

0 

d- 

m 3 r- 

d- 


M 3 

0 

in On 

O 

O 

r- 

CO 

in 

00 

d 

I s - 

I s * 

CO M 3 

on 

ON 

co 

in 

n- 

in 

CO 

M 3 

CM 

ON 

M> 

CM 

CO 

rH 

CM 

O' 

rH 


rH I s - 

d- 

CO 

d- 

00 

co in 

I s - 

00 

m 

O' 

d 

m 

CO 

00 

O' 

0 O' 

CM 

rH 

ON 

00 

co 

co 

00 

00 

rH 

CM 

in 

CO 

M> 

d- 

in 

I s - 

ON 

co 

0 co 

M 3 

0 

0 

CO 

0 co 

M 3 

I s - 

00 

0 

d 

rH 

in 

CO 

rH 

O rH 

d 

O 

rH 

O 

rH 

CM 

CM 

CM 

CM 

O 

M 3 

CM 

I s - 

CM 

M 3 

ON 

rH 

CM 

O H 

CM 

O' 

O' 

r- 

m cm 

m 

r-H 

rH 

rH 

rH 

rH 

CO 

n 

CM 

rH d 

co 

M 3 

CO 

ON 

1 — l 

rH 

rH 

rH 

rH 

rH 

cc 

CO 

I s - 

f- 

M 3 

n 

n 

d* 

CO rH 

rH 

I-H 

i-H 

rH 

rH rH 

• 

0 

\ 

• 

O 

1 

• 

O 

1 

• 

O 

1 

• 

O 

1 

• 

O 

1 

* 

0 

1 

a 0 

t 1 

• • 

O O 

O 

0 

• 

0 

O O 

O 

O 

O 

O 

O O 

0 

0 

O 

O 

0 

0 

0 

0 0 

O 

1 

0 0 

1 \ 

OOO 

1 1 I 

0 

m 

O 

m 0 

n 

0 

in 0 

n 0 

0 O 

0 0 

O 

O 

O O 

O 

O 

in 

0 

in 

O 

in 

0 

n 

0 

m 0 

in 

0 

in 0 

m 0 

• 

0 

• 

0 

• 

rH 

rH 

CM 

• 

CM 

♦ 

CO 

co d 

• • 

in 

O 

in 

0 

in 0 

in 

O 

m 

O 

n 

h- 

00 

00 

ON 

ON 

0 

0 

rH 

rH CM 

CM 

CO 

co 

d- in 











rH 

rH 

CM 

CM 

CO 

CO 

d 

d 

m 

m 

in 

n 

in 

n 

in 

M 3 

M 3 

M 3 

M 3 M 3 

M 3 

M 3 

M 3 

M 3 M 3 M 3 


< o 

UJ H- 
21 U 
I— I UJ 
H* “> 


37 



TABLE A-14 

X > Y * Z AND R FOR ONE ORBIT AFTER 30 DAYS 
INJECTION AT 1.0 HOURS U.T.» SEPTEMBER 14»1964 
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TABLE A-15 

X»Y *Z AND R FOR ONE ORBIT AFTER 60 DAYS 
INJECTION AT 1.0 HOURS U.T.* SEPTEMBER 14*1964 
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TABLE A- 18 

X » Y » Z AND R FOR ONE ORBIT AFTER 60 DAYS 
INJECTION AT 3.0 HOURS U.T.* SEPTEMBER 1A.196A 
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APPENDIX B 


EARTH AND MOON ANG LES 


LIST OF FIGURES FOR APPENDIX B 

Figure 

B-l Corrected Earth Angle (injection time, U.T. = 248^" l'* 1 0™ 0 S , 1964). 

B-2 Corrected Earth Angle (injection time, U.T. = 248^" 4^ 0™ 0 , 1964). 

B-3 Corrected Earth Angle (injection time, U.T. = 253^ l* 1 0 m 0 S , 1964). 

B-4 Corrected Earth Angle (injection time, U.T. = 253^3^ 30 m 0 S , 1964). 
B-5 Corrected Earth Angle (injection time, U.T. = 258^ 1^ o m 0 S , 1964). 

B-6 Corrected Earth Angle (injection time, U.T. = 258^ 3* 1 0 m 0 S , 1964). 

B-7 Moon Angle (injection time, U.T. = 248^ I* 1 0 m 0 S , 1964). 

B-8 Moon Angle (injection time, U.T. = 248^" 4* 1 0 m 0 S , 1964). 

B-9 Moon Angle (injection time, U.T. = 253 < ^4*’ 1 0 m 0 S , 1964). 

B-10 Moon Angle (Injection time, U.T. = 253^ 3^ 30 m 0 S , 196^ ). 

B-ll Moon Angle (injection time, U.T. = 258^ 1^ o m 0 S , 1964). 

B-12 Moon Angle (Injection time, U.T. = 258 <3 ' 3* 1 0 m 0 S , 1964). 
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FIGURE B-9 









FIGURE B-10 
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FIGURE B-ll 










FIGURE B-12 























appendix: c 
spacecraft angles 




ANGLE BETWEEN GEGENSCHEIN EXPERIMENT NORMAL AND BOOM MOUNTED EXPERIMENTS (DEG) 
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